MODULE 11: SELECTED TOPICS IN NON-CONSTANT RATES 


Life would be much simpler if all rates were constant, 
but the fact is that the most important rates arc not 
constant. We learn at different rates^ wc grow at 
different rates, and we earn at different rates* Even 
within ourselves rates are not constant* When we’re 
twice as old, we’re not twice as smart, nor twice as 
tall, nor twice as rich* 

In this module we want to look at some common 
non-constant rates* 

Category 1: hKxtures of Different Constant Rates 

In Module 9 we talked about a merchant buying a 
certain number of coats at a certain constant price 
per coat* In this case we found the total expense 
of the coats by multiplying the number of coats by 
the price per coat* But what if there were different 
prices for different coats? 

Example 1 

A merchant buys 30 coats at $40 per coat 
and 70 coats at $60 per coat. What was 
the total cost of the 100 coats? 

Here we have two constant rate problems. 

At $40 per coat, 30 coats will cost $40, 
thirty times; that is: 

$40 X 30 or $1,200 
At $60 per coat, 70 coats will cost 
$60 X 70 or $4,200 

We then add $1,200 and $4,200 to get 
$5,400 as the answer. 


Answer: $5^400 


This by itself could have 
been a Module 9 eaxxmpte. 

This by itself could have 
been a Module 9 example. 

The two results combined 
become a Module 11 example. 


- 11 . 1 - 





When we have xiiora than one rate» we often talk 
about an average rate. For example^ in Example 1 
we see that 100 coats cost $5,400. To find the average 
cost per coat, we divide the total cost ($5,400) by 
the total number of coats (100). That Is: 

Average cost ^ Toj^al cost in dollars 

(In $ per coat) Total number of coats 

$5,400 

100 

= $54 

Notice that the average price is not a good indicator 
of the actual prices. The only two prices the merchant 
paid were $40 and $60. Not a single coat cost $54. 

In fact, any combination of purchases in which the 
merchant bought 100 coats for $5,400 would have resulted 
in an average price of $54 per coat. 

Example 2 

A merchant buys 20 sweaters at $20 per 
sweater: 10 sweaters at $40 per sweater; 
and 50 sweaters at $60 per sweater. 

(a) What was the total cost for the 
sweaters? 

(b) What was the average cost per 
sweater? 


Here we're dealing with three different 
constant rate problems. 

(1) We have 20 sweaters @ $20. So that 
cost is $400. 

(2) We have 10 sweaters @ $40. So that 
cost is $400 

(3) We have 50 sweaters @ $60. So that 
Cost Is $3,000 


If the (joata were equally- 
priced then the average 
coat per coat would have 
been the eame aa the actual 
coct per coat. 


One of the main topics of 
the subject called ^^statist- 
ica'* is to study how the 
average cost is related to 
the actual individual costs. 


Answers: (a) $2,800 
(b) $47.50 


& ie a common busineae 
ahreviation that stands for 
the cost per item. 

20 X $20 = $400 
10 X $40 = $400 
50 X $60 = ^ 5 ^ 000 
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This accounts for Che entire nixture of 
sweaters. Hence: 

(a) We find the total cost by adding the 
amounts we found in (1), (2), and (3). 
This gives us $400 + $400 + $3,000 

or $3,800 

(b) And Co find Che average price per 
sweater, we Cake the total cost ($3,800) 
and divide It by the total number of 
sweaters (20 + 10 + 50 = 80)to get: 

$3,800 T 80 or $47.50 
Check: 

80 aweatere @$47. SO coat 80 X $47.50 
and this cornea out to be $3^800. In 
other uovde, any ooribination of 80 
aueatera for $3j800 would have yielded 
an average coat of $47.SO per sweater. 

There is no limit to how many different rates can 
be contained In one problem; nor is there a limit as 
to how many of each rate are present. An intereating, 
yet aoirmon, special case ie when there ie only one of 
each rate present. This happens, for example, when 
you pay your bills by check. Each check is probably 
for a different amount. Hence the amount per check Is 
a rate that's different for each check. Or when you 
take tests, you usually get different grades. In this 
context, the points per test is usually different for 
each test. 

Let's look at a few examples. 


In tahluated form we uauall\ 
write: 

ZO sweaters @ $20 = $ 400 

10 sweaters $ $10 * 400 

SO aweatera @ $S0 » 3,000 

80 sweaters = $3,800 

So had the sweaters been 

equally-priced (which they 
weren *t) then the actual 
price per sweater would havt 
been $47.50 


Notice that $40 is mid-way 
between $20 and $60, but tht 
average coat is more than 
$40. The reason ie that tht 
majority of the sweaters 
(SO of the 80) cost $60. 


We assume, of course that 
there ie at least one of a 
given rate present, other¬ 
wise we don't need that rate 


Remember that a rate ie 
involved whenever "per" ia 
between two nouns, aa in 
"amoimt per check" or 
"points per teat" 

Most students are very much 
interested in their "average 
when it cornea to points per 
test. 


O 
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Answer: 425 


Example 3 

In 5 tests you get 85 points each« 

How many points did you get as a total 
for» these five tests? 


Since you got 85 points per test and there 
were 5 testSi you scored 85 points five times 
for a total of 85 X 5 or 425 points. 

In Example 3, because the rate of points per test 

was constant, the 85 also represents your average score. 

« 

Usually, however, your point-scoring rate will not be 
constant. 

Example A 

You take four tests and receive scores of 
80, 82, 83, and 88. How many points must 
you get on the next test in order to have 
an average of 85 points per test? 

Based on what we did in Example 3, it is 
easy to see that we need 425 total points In 
order that the average be 85 points per test. 

So we begin by seeing how many points we 
already have. Namely: 

80 + 82 + 83 + 88 = 333 
We next determine how much has to be 
added to 333 to get 425. That is, we subtract 
333 from 425 to get 425 - 333 = 92. 

Notina hotJ in tkia ana pmhlem we had to 
be able to multiply (85 X add (80 + 82 
t 83 t 88) t and avibtraat (425 - 333), 


Answer: 92 


If you're using a aalaulator 
writing the siemands on the 
same line is convenient. If 
you're adding the "tradition¬ 
al" way, it is easy to align 
the numbere vertioally. 


See what happens here? 'i'he 
80 was 5 less than 85, 82 
was 3 less, and 83 was 2 less 
So that puts us 5 -h 3 + 2 or 
10 points below etn 85 aver¬ 
age. The 88 makes up 3 of 
these 10. So you still have 
to make up 7. 85 t 7 = 92 
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Computing the average cost of a bunch of sweaters or 
the average score of a bunch of tests may seem highly 
specialized, but the type of reasoning Involved comes 
up In many common experiences* For example, have you 
ever had to use a road map to help plan a trip? Look 
at Figure 1. It gives us the mileage from point A to 
point B, but in a form that's piece by piece* 



See the non-constant rate 
the map gives us? Each 
number reprecentc the 
length (in miles) per given 
segment. 



Figure 1 
Example 5 

Based on Figure 1, how many miles is it 
from point A to point B? 


Answer: 24C miles 


We start at point A and add the lengths of 
each segment that takes us from A to B. We 
get: 

41 miles 
+ 53 miles 

46 miles 
8 miles 
+ 44 miles 

+ 48 miles 

240 miles 

Once we know the distance, other rates can become 
important* 


o 
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Example 6 

With A and B as in Example 5, what must 
your average speed be if you want to make 
the trip in 6 hours? 


The average speed is obtained by dividing 
the distance you have to go by the time it takes 
to travel that distance. So in this case, we 
have: 


240 miles ^ 6 hours ■ 40 miles per hour 
Example 7 

Again referring to Examples 5 and 6, suppose 
you know that for this kind of trip your car 
will give you 15 miles per gallon of gas. 

How many gallons of gas will you use for 
the trip? 


Using the approach of Module 9, we have: 

240 miles _ 1 gallon 

1 15 miles 

2 40 X 1 Kallon 

1 X 15 UUi 

240 gallons 

15 

gallons or 16 gallons 
Example 8 

Under the conditions of Examples 5, 6, and 7, 
suppose you pay $1.19 per gallon of gas. How 
much will you have to pay for the gas you use 
on the trip? 


Every gallon of gas will cost us 
$1.19, and we need 16 gallons. Hence we 
have to pay $1.19, sixteen times—or: 

SI.19 X 16 - $19.04 


Answer: 40 miles per hour 


From another point of vieWy 
if you know that you have 
to make the trip in less 
than 6 hoursy then you also 
know that you 'Vi have to 
average more than 40 mph 


Answer; 16 gallons 


In effect we're taking the 
distance (240 miles) and 
dividing it hy 16 mpg. The 
fact that we're dividing is 
seen from the fact that 15 
is in the denominator. 


Answer: $19.04 

Of course we don't expect 
that $29.04 will be the 
exact cost, but it aives us 
a goc^ estimate. For excmp-- 
le^ if ?Je allck) $26 for gas 
we should be on the safe 
side. 
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Hopefully Examples 5, 6, 7, and 8 give you a good 
Idea of how often we use rates in making decisions. 
Additional drill will he left for the Self-Test. 

Example 5 Introduces us to another category of 
using rates. Namely: 

Cate^cry 2: Perimeter^ Area^ and Volume 

Sometimes we take a trip that forme a atoeed 
path \ that is, a trip that takes us back eventually 
to the same point from which we started. With 
respect to Example 5, suppose that we decided to 
return to A after we got to B. We might or might 
not take the same path* One possibility is depicted 



Figure 2 


Example 9 

Based on Figure 2, if you use the path 
shown what was your total mileage in making 
the round trip between A and B? 


We already know that the length of the 
upper path is 240 miles (from Example 5). So 
all we have to do now is find the length of 
the lower path and add this to the length 


We often say such things as 
"At this rate, we'li never 
finish on time"; and this 
might lead to the decision 
that we must work faster. 


On sightseeing trips we 
often take a different pat) 
returning than we took 
going so that we can see ai 
many different things as 
possible. 


Answer: 500 mites 


Because addition is both 
commutative and associativi 
it makes no difference 
whether we measure from A i 
B or from B to A. 


o 
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of the upper path* We get: 

40 miles 
•f 52 miles 
+ 53 miles 

54 miles 
+ 61 miles 

260 miles (■ length of lower path) 

+ 240 miles 0= length of upper path) 

500 miles (- length of round trip) 

Notice that the round trip path in Figure 2 
encloses a region that we^ve denoted by the letter R. 
With respect to the region R we've gone around its 
boundary. We give a epecial name to the length of 
the boundary that enoloaea a region* 

5 Definition * 

A ^ 4 

5 Given a cloaed region i?, the J 

A perimeter of R ia the length of J 

J the boundary that enoloaea R* 5 

A A 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
The easiest closed regions for finding perimeters 
are those whose boundaries are straight line segments. 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

A ^ 

J Definition J 

A ^ ^ A 

J A aloaea region %a called rectilinear J 

\ if ita boundariea are made up of J 

J straight line aegmenta* J 

A very useful rectilinear region is a rectangle* 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

A A 

5 Definition * 

* A 

* A foLcr^sided veotilinear region with * 

* ••square'* comers is called a rectangle. 2 

* . * 

* The side the rectangle "resta on" is J 

2 called the base and the aide next to J 

2 the baae ia called the height. * 


R is called a oloeed region 
because ita boundary ia a 
oloaed curve. That ia^ ita 
boundary begins and ends at 
the scone point (either A or 
Bp oVj for that matter, any 
point on the boundary) 


So with respect to Figure 2, 
the perimeter of R ia 
SOO miles. 


% a "segment" we mean "part*' 
of a straight line. In most 
geometry courses, a straight 
line is assumed to go on 
"forever" (indefinitely). 
Hence if we •'chop off" the 
tine we call it a line 
segment. 

The most ocrnnon non-reoti- 
linear region is called a 
circle. Circles are discuss¬ 
ed in Appendix 2. 


We sometimes use the words 
••length" and "width" in 
place of "base" and "height" 
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Let’s make sure we understand the new 




vocabulary. 

Example 10 

Referring to Figure 3 In the margin: 

(a) What ia the length of the base of 
the rectange? 

Cb) How long Is the height of the 
rectangle? 

(c) What is the perimeter of the 
rectangle? 


(a) The base is the side the rectangle 
rests on. Tn Figure 3, we see that the length 



Answers: (a) S feet 
(b) 4 feet 

(a) P^O feet 


of this side is 6 feet. 


(b) The side next to the base is called the 
height. The length of this side is 4 feet. 

(c) The perimeter Is the total length of 


the boundary of the rectangle. The total length of 
the base and the height of the rectangle Is 
6 feet + 4 feet or 10 feet. Since the length 
of the base appears twice in the boundary, as 
does the length of the height, we see that 


This is the key point about 
th^ perimeter of a rectangle 
The side opposite the base 
has the scone length aa the 
base; and the length of the 
side opposite the height has 
the scam length as the 
height. 


the perimeter Is 2 X 10 feet or 20 feet. 


To Find the Perimeter of a Rectangle 

Step 2: Multiply the (length of the) 
base by 2. 

Step 2: Mi^ltiply the (length of the) 
height by 2. 

Step 3: Add the two answers in Steps 
1 and 2. 


By the distributive property 
wc could first add the Lace 
and the height and then 
Ttiultiply by 2. 


o 
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Some ColloQuiol Lccnguage 

If the base of a rectangle ie 6 feet 
long and the height ie 4 feet long we 
often refer to the rectangle ae a 
”6 foot by 4 foot" rectangle. 

Example 11 

WhaC Is the perimeter of a 9 foot 
by 1 foot rectangle? 


The rectangle is drawn as Figure 4 In 
the margin. As drawn the length of the base 

t 

Is 9 feet and the length of the height Is 
1 foot. Hence to find the perimeter: 

1. We multiply the base by 2 to get 

2 X 9 ft or 18 feet 

2. We multiply the height by 2 to get 

2X1 foot or 2 feet 

3. Then we add the reaulta of the first 
two steps to get: 

18 feet + 2 feet or 20 feet 


'l%e shape and size of the 
rectangle do not change if 
we make the 4 foot side the 
base and the 6 foot si^ the 
height. 

Answer: 20 feet 


1 -- 9\fut 



(Hgure 4) 

The lengths u^ed in Figures 
3 and 4 also use constant 
rates. We did not drat) the 
actual lengths. Rather we 
used a scale of V inch to 
stand for each foot. That 
iSj our scale was at a rate 
of % inch per foot. 


Comparing the results of Examples 10 and 11 leads 
to a very Interesting situation* Both rectangles have 
the same perimeter (20 feet)^ yet they enclose different 
amounts of space* That is, the regions enclosed by 
the two rectangles have different sizes. More 
specifically, as shown in Figure 5, 24 one-foot- 
squares fit in the 6 foot by 4 foot rectangle, while 
only 9 of these squares fit in the 9 foot by 1 foot 
rectangle. 


By a one^footsqiuxre we 
mean a rectangle^ each of 
whose four sides is 1 foot 
long. In general^ if all 
four sides of a rectangle 
hare the same lengthy we call 
the rectangle a square . 











i feet H 



Notice that we don’t have to count the one—foot 
squarnfi to find the amount of space In each rectangle. 


See the subtlety? Both 
rectangles have a perimeter 
of 20 feet but the tix> 
rectangles have a different 
size. In terms of a mong 
practical exampley suppose 
the rectangles were the 
shgje of a floor, ft would 
take 24 one-foot tiles to 
make a covering for the firs 
floory but only 9 one-foot 
tiles to cover the second 
floor. 


For example If the rectangle is 6 feet by 4 feet we 


have 6 one-foot vertical strips and 4 one-foot 


horizontal strips. So all In all we have 6 X 4 or 
24 one-foot squares. 




Some More Vocabulan^ 

The omoimt of space enclosed by a 
rectangle is called the area of the 
rectangle. 

To find the area of a rectangle we 
multiply the base by thje height^ being 
careful to use the same denominations 
for both measurements. 




Rx aiiple 12 

UHiat is the area of a 7 foot by 3 foot 
rpctangle? 


We liave 7 X 3 or 21 one-foot squares 
inside the rectangle. If we call the "amount 
of space” inside each of the 1 foot squares 
" a square foot”, then we have 21 square feet 
inside the rectangle. 

This is suminarlzed in Figure 6 in the 


Anower: 22 square fee.c 

An area ia nevfsr labelled 
"feet*\ measures 

length. ''Square feet" 
measure the space inaide the 
rectangle. 


i 

Z 
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4 

6 

6 

1 

8 

9 
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it 
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i4 
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i6 

i1 

i8 

i9 

20 

2i 


margin 


(Figure 6) 
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Notice hou) ?je handle the denonrinationa. 
When we multiply the base by the height we 
have: 

? feet X 3 feet = 

(7X3) feet X feet 
Just ae we call the pvoduot of a 
menbei* with itselfy the square of the 
numbeTPy we call the product of feet 
and feet '^square feet'\ 

We must be careful of denominations. 

E xample 13 

What is the area of a rectangle Chat is 
7 yards by 3 yards? 

This problem Is done in exactly the same 
way as Example 12, except that we deal with 
yards instead of feet. 

This time the area is 

7 yards X 3 yards - 
(7 X 3) yards X yards ■ 

21 square yards. 

If the denoTilnatlons are different when we 
measure the base and height, we must switch to a 
coounon denomination before we find the area. 

Example 14 

What is the area of a rectangle that 
is 7 feet by 3 yards? Write the answer 
in square feet. 


To get "square feet" for an area we must 
multiply "feet" by "feet". With this as a hint 
we convert 3 yards to feet. 


7 feet X 3 is 21 feet and 
7X3 feet is 21 feet; but 
7 feet X 3 feet requires 
that we multivly "feet” bu 
"feet". 


Answer: 21 square yards 

Don't Just write "21" as the 
answer. The label is very 
important. For example, it 
makes a difference whether 
we have 21 square feet or 
21 square yards. 


Answer: S3 square feet 
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So the area la: 



7 feet X 3 yards ■ 

7 feet X (3 X 1 yard) ■ 

7 feet X (3 X 3 feet) - 
7 feet X 9 feet = 

(7 X 9) feet X feet * 

63 square feet 

The square Is a very special rectangle. For 
reasons that aren't Important to discuss here it 
turns out that for a given perimeter, the rectangle 
of greatest area is the square. By way of review*, 
notice that the 6 foot by 4 foot, the 9 foot by 1 foot, 
and the 7 foot by 3 foot rectangles all have a perimeter 
of 20 feet. Their areas are ,respectively, 24 square 
feet, 9 square feet, and 21 square feet. 

If the 20 feet were used to form a square, each 
aide would be 5 feet. The area of a 5 foot by 5 foot 
rectangle (square) la 25 square feet—which is bigger 
than either 24 square feet, 9 square feet, or 21 square 
feet. 


At this stage the answer 
woutd be 21 feetyavds (?}. 
It is neither feet X feet 
nor yards X yards 

We're just converting 3 yar 
to 9 feet 


Soientioto often abbreviate 
square feet as ft^ to 
reflect the foot that ii>e 
took ft X ft to get square 
feet 


That ist since all 4 sides 
have the same lengthy the 
length of each side met be 
k of the perimeter. 


Example 15 

The length of each aide of a square is 
8 inches. What is: 

(a) the perimeter of the square? 

(b) the area of the square? 

Answers: (a) 32 inches 

(b) 64 square - 

inches 

(a) A square la still a rectangle. The 
only difference is that for the square the 


o 
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base and height have the sane length. So 
twice the base Is 16 Inches and twice the 
height Is 16 Inches. So the perimeter Is 
16 + 16 or 32 Inches. 

(b) The area is the product of the 
base and the height, so we get: 

0 Inches X 8 Inches = 

(8 X 8) Inches X Inches * 

64 square Inches 
Plctorlally: 


The distance arcund 
the square is Z2 
inches. But the 
amount of space inside 
the square is 64 
square inches. 


To Find the Area of A Square : 

(1) Take the length of a side. 

(2) **Square" it. That is, imltiply 
it by itself. 

Notice that the rate of change of the area of 
a square with respect to the length of the side of 
a square Is not constant. 

Example 16 

How many square inches are there In: 

(a) a 3-lnch square? 

(b) a 4-lnch square? 

(c) a 5“inch square? 

In all 3 parts, we simply multiply 
the length of a side by Itself. 


2 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

22 

22 

23 

24- 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

S3 

54 

55 

56 

57 

56 

59 

60 

61 

62 

63 

64 


In the case of a square it 
is quicker to find the 
perimeter by multiplying the 
length of any side by 4. 


Try to check for yourself 
that if the perimeter of a 
rectangle is 32 inches, its 
area can't be more than 
64 square inches. For 
example, the perimeter of a 
7 inch by 9 inch rectangle 
is 32 inches, but its area 
is 63 square inches. 


See hoo the labels help? 
"inches" indicate length; 
"square inches" indicate 
area 

« 


Any side will do because for 
a square all sides have the 
same lengthy, 


Answers: (a) 9 (b)16 (c) 25 
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(a) 3 Inches X 3 Inches ® 

9 square Inches 

(b) 4 inches X 4 inches = 

16 square inches 

(c) 5 Inches X 5 inches ■ 



25 square inches. 

In each part of Example 16 the length of the 
Bide of the square changed by I inch, but the 

2 2 

clianges in the area were 7 square Inches *(16 In - 9 in ) 


Look at the above square. 
Everytime the lenqtk of a 
side increases by 1 inchs 
the area increases by the 
amount in the L-shaped 
region. 


and 9 square inches (25 square inches - 16 square inches). 

Example 17 

There are 3 feet per yard. How many 
square feet are there in 2 square yards? 

Answer: 18 (not 61) 

Let's let the adjectives and the nouns 
do the work for usl 


1 square yard - 1 yard X 1 yard 

- 3 feet X 3 feet 
= 9 square feet 

So: 

2 square yards =2X1 square yard 

- 2 X 9 square feet 
= 18 square feet 


The fact that there are 
3 feet per yard means that 
there are 9 square feet per 
square yard. Fictcrially: 


^ ft 


1 ft 


1 ft 


2 fi 1ft 1ft 


1 

2 

7 

4 

S 

6 

? 

8 

9 


h-^ -H 
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Example 17 warns us of a very common trap that 
people sometimes fall into when they deal with area. 
The fact that there were 3 feet In a yard means that 
there are 3 X 3 or 9 square feet in a square yard. 
Notice that we equaled 3 to get the answer. This 
procedure is always correct. For example: 

i square foot = 1 foot X 1 foot 

-12 inches X 12 inches 
2 

-12 or 244 square inches 

1 square meter = 1 meter X 1 meter 

= 100 ems X 100 ems 
2 

- 200 or 20^000 sq ams. 

Example 18 

The area of a certain sqtiare is 1,296 
square Inches. What is the area of the 
square in square feet? 


Remember that squaring a 
number means that we^ multiply 
the number by itself^ 


knswer: 9 (square feet) 


As shown above, there are 144 square inches 
per square foot. Hence: 

1,296 square inches ^ _ 1 square foot 

1 144 square inches 

1,296 X 1 square foot 

1 X 144 HUH/iUMi 

1,296 , ^ 

" 1 44 “ feet - 

9 square feet 

Let’s check Example 18. If the area of the square 
is 9 square feet, the length of each side must be 
3 feet. Namely, the only way we can get square feet 
as a denomination is by multiplying feet by feet. This 
tells us that the length of each side is expressed in 
feet. Secondly to find the area we multiply the length 


That is^ each 144 square 
inches equal 1 square foot. 

So we must divide the num¬ 
ber of square inches by 144 — 
not 12— to get the number of 
square feet. 
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of any side by Itself. The only number that 

we can multiply by itself and get 9 as the product 

is 3. Hence the length of each side is 3 feet. 

But if the square is 3 feet by 3 feet it also Is 

36 inches by 36 Inches and this tells us that the 

ares of the square Is 36 X 36 or 1,296 square inches. 

Note that if you had divided 1^296 by 12 you^d 

get 108 as the answer. If the arex of the square 

was 108 square feet^ then the length of each side 

would be more than 20 feet and henee more than 120 

inches. But a 120 inch by 120 inch square has 

an area of 120 I 120 or 14,400 square inches which 

is much too big to be correct (since we're told that 

the area is 2,296 square inches) 

Example 18 marks a change in emphasis of what we’ve 

been doing until now. Until now we have started with 

the length of the side of the square and found its area. 

But in analyzing Example 18 we started with the area of 

the square and computed the length of each side. 

In terms of fill-in-the-blank, there are two 

2 

ways of asking for the information that 36 = 1,296. 

We can ask: 

36^ = _ (1) 

or we can ask 

(_- 1,296 (2) 

We invent a special notation for solving (2). 

The number whose square Is 1,296 Is called the 


3 ft = Z X 12 inches . 


A 10 foot by 20 foot sqtiore 
would have an area of 10 X 1 
or 100 square feet. Hence 
if the area is 108 square 
feet, the length of each 
side must be longer than 
10 feet. 


Compare this with addition 
and subtraction. To ask fc 
the fact that 2 + 2 = 6, 
we can write 3 + 2 = 

(which is an axUijtion probtc 

or 2 + _ =5 (which is a 

eidvtraotion p7K>blem) 


O 


-11.17- 



soluzve r'oot of 1,296 and is written as /1,296. 


More generally: 




If n denotea amf numberj 


4 Lion 

4 
4 
4 

J catted the square root of n, denotes 

4 
4 
4 
4 
4 
4 


the nwriber whose oquare in n. That is: 

^ X }/n « 

444444444444444444444444444444444444444444444 $ 

In general it Is more difficult to find the 
square root of a number than it is to square the 


number* In fact, if we deal with whole numbers 
notice that: 

0^ ■ 0 X 0 = 0 
= 1 X 1 = 1 
2^ - 2 X 2 » 4 

3^ = 3 X 3 - 9 

4^ = 4 X 4 = 16 

5^ - 5 X 5 = 25 

6^ - 6 X 6 = 36 

7^ = 7 X 7 = 49 

8 ^ = 8 X 8 = 64 

9^ - 9 X 9 - 81 

10^ = lOX 10= 100 

Let’s make sure that you understand the difference 


between squaring a number and taking the square root 
of a number. 


36^ = 1,296 and/It 296 = 56 
say the same thing. In one 
case we *re saying that if 
the length of a side is 36 
inches, then the avea of the 
square is 1,296 square 
inches. In the other case 
we *re saying that if the 
area of the square is 1,296 
square inches then each side 
is 36 inches 


The numbers 0, 1, 4, 9, 16, 
26, 36, 49, 64, 81, and so 
on are called perfect 
squares beoauee they're 
squares of whole numbers. 

Since any whole number ends 
in 0,1,2, 3, 4, 6, 6, 7, 8,or 9 
a perfect square must end in 
0,1,4,5,6,or 9. In particu¬ 
lar, a perfect square cannot 
end in 2,3, ?, or 8. 


So any number between 0 and 
100 except for 1, 4, 9, 16, 
25, 36, 49, 64, and 81 ie 
not a perfect square. That 
is, its square root ie not 
a whole number. 


This is similar to under¬ 
standing the difference 
between knowing the eum of 
S and 8 and knowing what we 
must add to b to get 8 as 
the sum. 
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Example 19 

Find the value of: 

(a) 15* (b) 16* (c) 15.5* 



Squaring a number means tomultlply the 
number by itself. So we have: 


(a) 

152 - 

15 X 15 - 225 

(b) 

162- 

16 X 16 = 256 

(c) 

15.52 

= 15.5 X 15.5 


Example 19 leads to a technique for computing 
square roots. 

Example 20 

Rounded off to the nearest whole 

number, what Is the square root of 

250? That is, how much is /250? 

We're looking for an answer to 
_ X _ - 250 

Since 15 X 15 ■ 225, 15 is too small 
to be correct; and since 16 X 16 = 256, 

16 Is too large to be correct. So the 
number we want is between 15 and 16. 

From Example 19 (c) we know that 
15.5 X 15.5 = 240.25 which is also too 
small to be correct. Hence, the square root 
of 250 Is between 15.5 and 16. Hence to the 
nearest whole number it is 16. 


AnsiJeT': (a) 225 (b) 256 
(o) 240.25 


If you have a oaloulator 
with a key labeled "x*", 
you can find the square of 
a nierher by entering it on 
the Galaulator and then 
pressing the "x*" key 


Answer: 16 


In this oase^ the same num¬ 
ber is used in each blank. 


15 X 15 = 225 

15.5 X 15.5 = 240.25 
_ X ^ ^^250 

16 X 16"^=== 256 


In terms of area if the area 
of a square is 250 sq in 
the Length of each side is 
more than 15.5 innhes hut 
less than 16 inches. 


O 
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Note 


It ie very tedious to find square roots to several 
decimal 'place accuracy. A very helpful device is to 
have a calculator hrith a key labeled If you 

have a calculator ijith this key simply enter the number 
whose square root you want and then press the "i/x" key. 

In concluding this discussion of square roots, let's 
revisit Example 20 in terms of areas* 

Example 21 

The area of a square Is 230 square 
centimeters. To the nearest millimeter 
(that is, the nearest tenth of a centi¬ 
meter) what is the length of each side 
of the square? 

From Example 20 we already know that the 
length of each side is between 15 and 16 cm, 
but closer to 16 cm. 

Tf we use our above margin note, we know 
that to the nearest tenth of a centimeter, 
the length of each side Is 15*8 cm. 

Without a square root key, we would have to 
look at such products as: 


lS.l2 

■ 

15.1 

X 

15.1 

- 

228.01 

15.22 

- 

15.2 

X 

15.2 


231.04 

15.32 

= 

15.3 

X 

15.3 

- 

234.09 

15.42 

- 

15.4 

X 

15.4 

- 

237.16 

15.52 

- 

15.5 

X 

15.5 

- 

240.25 

15.62 

= 

15.6 

X 

15.6 


243.36 

15.72 

- 

15.7 

X 

15.7 

- 

246.49 

15.82 

- 

15.8 

X 

15.8 

= 

249.6-!|^^ 

15.92 

« 

15.9 

X 

15.9 


252.81 
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For example^ on my calcula- 
tor I enter ^'250^. Then I 
press the square root key 
(fx) and almost immediately 
the display shows the deci¬ 
mal: 

15.821388 . 

As a rough check: 

IS.81^ - 249.9561 

^250 

IS.82^ = 250.2724 


Anerjer: lb. 8 cm or 158 nvn 

Make eure you have the label 
”15.8” and ore both 

wwmg aneweve! It ie amoial 
to dietinguieh between 168 rrm 
and 158 am. 


See how we get the unite? 
Since the area ie in square 
aentimetere, the length of 
each eide ie in centimetere. 


There ie a formula for find¬ 
ing a equare root, but it 
ie extremely amtbersume. I 
prefer that you either use 
an estimate or else use a 
calculator with a square 
root key. 


Based on Example 19, we 
could have started with 
15.6 X IS.e because we 
already know that 15.5X 15.5 
is too email. 





Just as we use squares to measure the amount of space 
Inside a 2-dlmen9lonal region, we use oubes to measure 
the amount of space Inside a 3—dimensional region. 

As shown below, notice that there are eight 1-lnch 
cubes inside one 2-inch cube. And it is no coincidence 


A 1-insh cube: 





that 8 


2 X 2 X 2 or 2' 



2X2 = 4, 

So there are foiix* 

I" aubds in the 
lei row and 4 more 
in the 2nd rcru). Hence 
there are eight 1"- 
ovibee in one 2-inch 
cube. 


In fact, baaed on this 
geometric fact we often reac 
2^ ae "2 cubed" or "the cube 
of 2" 


See what happens here? 

2X2 telle us that there 
are 4 auhee in each layer; 
And since there are 2 layen 
we have 4X2 l-inch cubes 
in all. 


A 

i 

A 
A 
A 

3 

A 
A 
A 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 


To Find the Volume Of A Cube 

(1) Take the length of each 

side including the label» 

(2) Raise this to the Zrd 'power 


Example 22 

Thft .side of a cube is 4 cm long* What is 
the volume of the cube? 


Using the above "recipe*^ we have: 
4 cm X 4 cm X 4 cm = 


Just as ^'area^' refers to the 
amount of space in a 2~dimef 
oional region^ ^^volume^^ re- 
fore to the amount of space 
in a Z-dimensiondl region. 


Answer: 64 cubic centimeteri 

The usual abbreviation for 
"ctd>ic centimeters^^ is Vo'' 


(4X4X4) cm X cm X cm = 


64 cubic centimeters 

In terms of a picture: 
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Additional remarks on area and volume appear in 
the Appendices at the end of this Module as well as 
in the Self-Test* 

In concluding this Module we want to show you that 
there are many times, other than in areas and volumes, 
where we want to raise numbers to powers* 

Cateq orij 3: Exponential Crototh 

How many times have we heard such remarks as the 
cost of living doubles every ten years? If this Is 
true, there are some remarkable consequences* For 
example, suppose the cost of $1 objecL doubled every 
ten years. Let's go back to the year 1900 and see 
what the rate of growth of price looks like. 


Ihere'ave 4 X 4 or 16 
1 am-aubes per row 
and there are 4 reus* 
So we have 16 X 4 or 
64 1-om cubes in one 
4-cm cube. In other 
words the 4-cm cube 
has a volume of^ 

64 c,c. (cubic centi^ 
metera). 
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Year 

Cost 

1900 

$ 1 


1910 

$ 2 

In 1910 the price is $2, so 

1920 

$ 4 

this is the amount that 'e 

1930 

CO 

doubling betueen 1910 and 

1940 

$ 16 

1920. So every ten yearst 

1950 

$ 32 

the cost is double what it 

1960 

$ 64 

was ten years ago. 

1970 

$128 

1980 

$256 



Example 23 

Using the above chart, how much did the 
cost of the object increase by during the 
years between: 

(a) 1900 and 1910? (b) 1930 and 1940? 

Anawei^^ (a) $1 (h) $8 


Read the problem carefully. We want to know 


the increase in the price during the given time 


period. So we take the price at the end of the 
time period and siubtyKiat the price at the beginning 
of the time period. Hence: 


If at the beginning of a we^ 
you have $20 and if at the 
end of the week you have 
$50j the increase is not $S\ 
but rather $50 - $20 or $30 


(a) Coat in 1910 = $2 
- Cost in 1900 ■ -1 

Increase = $1 

(b) _ Cost in 1940 = $16 

Cost in 1930 « ■ 8 
Increase = $ 8 


Since the cost is doubling^ 
the increase is equal to th 
cost at the beginning of thi 
time period* 


So even though both parts (a) and (b) Involved 
a ten-year time period, the change in the cost is 
different. That is, the rate of change of cost per 
ten-years is non-constant. 

The relationship between the cost and the time 
period is called exponential because to find the 
present coat, we increase the exponent by 1 every 
ten years. That is: 
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2 



2^ - 2 X 2 = 4 
2^»2X2X2-8 

2'^ = 2X2X2X2-16 
2^ = 16 X 2 - 32 
2^ = 32 X 2 - 64 
2^ - 64 X 2 - 128 

The idea of the cost of living doubling every 
ten years can also be applied to how you save money. 

Most banks allow you to earn money by leaving your money 
with them. For example, if they tell you that your 
savings earn at an Interest rate of 7% annually, it 
means that at the end of a year you have 107% of what 
you had in the bank. In other words, for each dollar 
you had in the bank, at the end of the year you have 
that dollar plus 7c* So at the end of the year each 
dollar is worth $1.07. 

Example 24 

A bank pays an annual interest rate of 7%. 

How much interest will a deposit of $15,000 

earn in one year? 

7% means that you earn 7c for each dollar 
youWe deposited in the bank. Hence for $15,000 
you earn 7c, 15,000 times. So you^ve earned; 

7c X 15,000 - 105,000 cents or $1,050. 

The fact that the $15,000 earned $1,050 in interest 
means that you now have $16,050 on deposit. 


Each time we muttipty the 
previous answer by 2. For 
example 2 X 2 X 2 X 2 is 
(2 X 2 X 2) X 2 or 8 X 2 


% 


It's tike a 7% sales tor, 
except this time the money 
is paid to you. 


Answer: $1,0 SO 


Another wcq/ to say this is 
that you earn $? for each 
$200; and there are ISO 
hundreds in IS,000. So you 
earn $?, ISO times. 


100% » $15,000 
7% = l.OSO 

107% * $16,0S0 

Check: 1.07X $15,000 * $16,050 
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To encourage you to leave your money in the bank^ 
most banka agree to pay oempound interest. For example 
referring to Example 24| during the second year the bank 
will pay you the 7% Interest rate on ths $16^050* 

Example 25 

Under the conditions of Example 24, how much 
interest will you earn during the 
second year? 

At the end of the first year (which is 
the same as the beginning of the second year), 
you have $16,050 on deposit. Hence the 7% rate 
applies to the entire $16,050. That is, during 
the second year, you earn 
7Z of $16,050 or 
, 0.07 X $16,050 or 

$1,123.50 

Now watch how exponents are used in Examples 24 and 
25. At the end of the first year> the total amount you 
had In the bank was 1.07 X $15,000 ($16,050). At the 
end of the second year yoy have 1.07 X (1.07 X $15,000) 
or 1.07 X $16,050 or $17,173.50. But an easier wcey 
to write 1.07 X (2.07 X $16,000) is 1.07^ X $15,000. 

In other words. If Che 7% Interest rate is compouned 
antiuallyi each year you’ll have 1.07 times the amount 
you had the previous year. 

Let's try a few more examples of this same type. 


Answer: $2,123.50 


Notice that the interest you 
earn each year is not con¬ 
stant. During the first year 
you earned $1,050 but during 
the second year you earned 
$1,223.50 


(^eck: 

$15,000 (original amomt) 
1,050 (1st year’s interest. 
1,123.50 (2t^ year’s int.) 
$17,173.50 


O 
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Example 26 

A bank pays an interest rate of 7Z compounded 
annually. If you deposit $15,000 how much 
money will you have In the bank at the end 
of 3 years? Round off the answer to the 
nearest cent. 


At 

1.07 X 
At 

1.07 X 
At 

1.07 X 


the end of one year you’ll have 

$15,000 or $16,050. 

the end of two years you'll have 

$16,050 or $17,173.50 

the end of three years you'll have 

$17,173.50 or $18,375,645, which 


we round off to $18,375.65 
As you can begin to sense from Example 26, the 
arithmetic is not difficult but it is tedious; and 
gets more tedious as the number of years increase. 

For example, at the end of 10years, you would have 
1.07^® X $15,000 

in the bank. But it is tedious to compute 1.07^^. 

Of course, with a calculator you would just 
multiply 1.07 by 1.07, then multiply this answer by 
1.07 and so on until you've taken the product of ten 
1.07's. 

You should also realize that the method we've used 
in the last few examples doesn't depend on the fact 
that we deposited $15,000. We're earning $0.07 per $1. 
So for $200 we're earning $0.07, 200 times while for 
a million dollars we're earning $0.07 a million times. 


Anauer: $18^375.65 


In effect we took 207% of 
of 107% of 107% of $1S,000. 
That isj we ccfnputed: 

2.0?^ X $15,000 


Some oaloulatoi^e aome equipt 
xoith a key. If you 

have 8uok a key and you 
want to find 2.07^^, enter 
the 2.07, press the 
key and then press the 
key. 

Before the era of oaloulat- 
ora, interest tdblea were 
(and atilt are available 


See? The rate is the same, 
but how many timea we get 
the rate depends on how 
much we have in the bank. 
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If you were to do the computations, youM find 
that at a rate of 7% compounded annually, a 
deposit would double in about 10 years. Hence 
It would double again the next ten years and so on. 

So roughly speaking; 

Year_ Amount on Deposit (approximately) 

1970 _ $15,000 _ 

1980 _ $30,000 _ 

1990_$60,000_ 

2000 _$ 120,000 _ 

2010$240,000 

and this is the principle behind most retirement 
plans. A small amount left on deposit today can 
be worth a small fortune at retirement- 

But in terms of the message of this Module, look 
at the effect of the non constant^rate of growth. 
During the 10 years between 1970 and 1980 your 
investment increased by $15,000; but in the ten 
years between 2000 and 2010, your investment 
Increased by $120,000. 

The examples we've presented so far should be 
adequate for helping you bee one familiar vrlth 
non-constant rates. In the next module, we 
shall show how the subject called algebm helps 
us In the study of rates of change. 


1.07^^ = 1,9671514 - 

1.07^^ = 2.1048519 - 

So $1 beoomoe $2 in a littte 
over 10 years. See ?’ Rounded 
off to the nearest cent 
after 10 years a dot Lor be¬ 
comes $T.'97 and after n 
years it becomes $2.-20. So 
duri-ny the 11th year, the $1 
doubles. 

So if you deposited $15y000 
in 1970 when you were 25 
years old, in 2010 you'd be 
66 years old and the $15^001 
would hare grown to $240,001 

Of course the cost of liviru 
is increasing too. So it's 
possible that the $240,000 
in 2010 might not be worth 
any more than $15,000 was 
in 1970. But at least you\ 
have the $240,000 if you 
saved the $15,000 in 1970 


O 
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Appendix 1: More on Rectilinear Figures 

While It is e^sy to think about area» it Isn^t 
always easy to measure it. However for rectilinear 
regions (that is* for regions whose boundaries are 
made up of straight lines) there is a method that 


is relatively easy to use. 

We start from the fact that we already know 
how to find the area of a rectangle. Once we know , 
thiR we can then find the area of a parallelogram . 

* * 

i I>efi/3itionr I 

i * 

J A parallelogram is a closed 4-sided * 

* rectilinear region whose opposite | 

* sides are parallel (i.e., have the * 

J same direction. J 

**** ilr *:llt ★ *** ******* ******* **** ifc ** ** 

Now just as In the case of a rectangle, the base 
of a parallelogram is the side the parallelogram 
rests on. That Is: 



Jn dealing with rectilinear 
regions we don't spend much 
time discussing perimeter. 
Namely, since each side is a 
straight line, we can meas¬ 
ure its length with a'ruler; 
and then add the lengths of 
each side. 


Some examples of parallelo¬ 
grams : 




The height of a parallelogram is the distance 
between the base and its opposite side (the ’’top”) 


That Is: 



Unless the figure is 
a rectangle, this .side 
is NOT the 
height . 


By the distance between two 
parallel lines, we mean the 
SHORTEST distance. This is 
the length that meets both 
lines at right angles. Can 
you see this from the dia¬ 
gram below? 

Can you sea 
just by loo^fing 
this is 
he shortest 
^ngth between 
:e two lines? 
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Appendix 1 (cont) 



As described in the mrgin, the area of any 
parallelogram is the product of the base and 
the height (In this sense, then, a rectangle 
is just a special case of a parallelogram). 

Once we can find Che area of a parallelogram, 


we can find the area of any triangle 

kit’kikititikiiM’kit 

Definition: 


k 
ic 

* 

t 

ic 
* 
it 
it 
it 
it 
it 


Any closed rectilinear figure 
consisting of three sides is 
called a TRIANGLE. 


it 

i 

* 

* 
* 
it 

it*i€**ititi^icititii*itititititititititikit*icitititic*itikitikiritititit 

Whichever side we assume the triangle rests 
on is called the base of the triangle. The 
line that Is the shortest distance to the base 
from the opposite vertex is called the height of 
the triangle. That is: 



Then as shown in the margin, the area of 
any triangle is half the product of the base 
and the height. 

Once we know how to find the area of a 
triangle we can then fInd the area of any 
rectilinear region simply by subdividing it 
into triangles. As example is shown on the 
next page. However at this level of mathematics 
it isn^t too important to pursue this topic In 
more depth at this time. 



Cut out the region R and 
relocate it as shown below 



The resulting figure is a 
rectangle that has the same 
area as the parallelogram 
(because we simply relocated 
a piece). Since the area of 
the rectangle is the product 
of the base and height^ so 
also is the area of the 
parallelogram* 

Now if we're given a tri¬ 
angle of base b and height h 
we can convert it into a 
parallelogram as indicated 
by the dotted lines below: 



b 


The triangle makes up half 
of the parallelogram. Since 
the area of the parallelo¬ 
gram is the product of the 
base and height (b X h), the 
are of the triangle is half 
the product of the base and 
height* 


o 
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Appendlac 1 (concluded) 


Look at the rectilinear figure drawn below 
and look at the dotted lines. They divide the 
figure Into triangles. So we can measure 
the area of each triangle (by measuring the 
base and height of each and taking the product 
of half the base and height). We can then add 
the areas of these triangles to get the area 
of the entire region. 



This is a common method 
still used today by survey¬ 
ors. The process is known 
as the method of trianyula- 
tion. 
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Appendix 2; The Circle 


Of all non-rectlllnear figures, the circle 
is perhaps the most famous* 




it 

* 

it 
it 
it 
it 
it 
it 
it 
it 
it 
it 
w it 
it 
it 
it 
it 


Definitlon : 

A circle Is the set of all points 
whose distance from a fired point 
is the same given distance» The 
fixed point is called the center 
and the given distance Is called 
the radius* 


* 

* 

St 

It 

St 

it 

it 

w 

it 

it 

* 

it 

it 

* 

it 

it 


ititititititititititititititit*it*itit*itititititit*itititititit*it*iritit-itit**it 


There is a nice way to visualize a circle In 
terms of area. Take a piece of string and tie the 
ends together* We can now let the string form a 
variety of shapes, each having the length of the 
string as a common perimeter. E>7en though the 
perimeters are the same, some figures contain 
more, area then others. Just as the square is 
the rectangle that encloses the greatest area, 
the circle is the figure that encloses the 
greatest area possible for a given perimeter. 

The reason the circle has this property is 
because of Its perfect symmetry. Tn fact the 
shape of a circle is so unique that all circles 
have the same shape. 

There are some special vocabulary words that 
are used when we talk about cirries. First of 
all the perimeter of a circle is called Its 
ci rcumference * The length of a line segment 
that passes through the center of the circle 


A special device called a 
compass is used to draw a 
circle. 




ThirJc in terms of a wheel . 

Wb matter how much it 
changes position as it rolls, 
the shape of the circle 
never changes. 
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Appendix 2 (cont ) 

and which begins and ends on the 

circle Is called a diameter 

Because all circles have the same shape, the 

ratio between the circumference and the diameter 

of a circle is always the same. That is. If 

wc denote the circumference of a circle by C 

and Its diameter by D: 

C 

— “ constant 

This constant Is denoted by the Greek letter 

IT (spelled "pi" but pronounced "pie"). It is 

an irrational number, which to the nearest hundredth 

1 22 

is 3.14 and is often estmated as being 3y or —. 
Notice that since C v P « tt, we may also say: 

C = IT X D (1) 

and since the diameter is nrtec the radius, we may 
replace D by 2 X r to get: 

C = T X 2 X r 

Hcncc if we know either the diameter or the 
circumference of a circle we can find the value 
of the other. 

Example 27 

If the diameter of a circle Is 15" 
what is its circumference? Use 3.14 
to stand for it. 

All we have to do is use (1) with 
D = 15 (inches). We get: 

C - 3.14 X 15 
=47.1 (inches) 


The length of a diameter is 
twice the size of the radius* 
That is: 


The bigger the radius, the 
bigger the circumference. 

But if we divide the circum¬ 
ference by the diameter^ we 
always get the same quotient 
no matter what circle we 
pick 


As a rough estimate, the 
circumference of a circle is 
a bit more than 3 times the 
diameter and a bit more than 
6 times the radius. 


Answer: 47*1** 


Rough Check: 

3 X 15 Inches =45 incites* 
So we expect an answer that's 
a bit wore than 45 inches* 
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Appendix 2 (.cotit) 

ExaiBple 28 

Again using 3.14 for IT, what is the 
dlawter of a circle If Its circum¬ 
ference is 15 inches? Write your 
answer to the nearest hundredth of 
an inch. 

We again use Cl) with TT ■= 3.14 but now 
its C that^s replaced by 15. So we get: 

15 * 3.14 X D 
and this tells us that 


Answer: 4,78 inches * 

Rough ChecM: 

15 T y m so we expect 
an answer of around 5 inches 
but a bit less since 3.14 is 
greater than 3, 



15 T 3.14 4.78 

Notice how easy it can be to confuse Examples 
27 and 28 if you don’t read formula (1) correctly. 

A more complicated question concerns the 
area that’s enclosed by a circle. The proof is 
beyond our scope but is discussed intuitively 
in Videotape Lecture llB. In any event to find 
the area of a circle» we need only quare the 
radius and then multiply by ir. That is, if we 
denote the area of the circle by A and its radius 
by r, wc get: 

A - TI X (2) 

In words, to find the area of a circle, we: 

(1) Start with the radius, 

(2) Multiply it by itself, 

(3) Multiply this product by TT 

The answer is the area of the circle 


The actual quotient on my 
calculator is 4,7770701 but 
this isn't accurate because 
TT isn’t exactly 3,14, My 
calculator has a "iT"/cey that 
indicates that 3,1425927, 
using this keg I find that 
25 T TT = 4,7746483,,,, 

So perhaps the sarest thing 
to say is that to the near¬ 
est tenth the answer is 
4,8 inches. 


We can distinguish in part 
formulas (1) and (2) by 
recognizing that indi¬ 
cates an measure of area. 
That is, for example. 

In X in sgaare inches 


o 
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Appendix 2 (cont ) 

Example 29 



Using 3.14 for it, what is the area 
of a circle If Its radius is 6 cm? 


Answer.* 113.04 square cm 


We start with 6 (cm), square it to 
get 36 (sq. cm.) and then multiply by 3.14 
to getll3.04 as the answer. 

Some further dirll is left for the Self-Test, 
but otherwise this completes or introduction to 
the study of circles. 
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